Cytomegalovirus (CMV) is a ubiquitous member of the Herpesviridae family that can present with a variety of clinical manifestations, including encephalitis, retinitis, interstitial pneumonia and colitis. These serious symptoms are generally observed as opportunistic infections in immunocompromised hosts, including patients with acquired immunodeficiency syndrome and those receiving steroids and/or immunosuppressants. Symptomatic CMV infections in patients with ulcerative colitis are found in patients treated with steroids and/or immunosuppressants but rarely affect those who are not taking these agents. The present study reported the case of a young patient without concurrent use of immunosuppressive agents for the treatment of ulcerative colitis. The patient presented with acute mononucleosis and colitis caused by primary CMV infection. This was characterized by the presence of atypical lymphocytes and hepatosplenomegaly, elevation of transaminase levels, serology-positive anti-CMV IgM, and CMV antigenemia. Additionally, CMV-positive cells were histologically detected in colonic biopsy specimens. The patient's symptoms and clinical parameters improved following initiation of intravenous ganciclovir. It was concluded that even if patients with ulcerative colitis are not treated with steroids and/or immunosuppressants, significant attention should be paid to acute CMV infections in the context of severe or persistent colonic inflammation.
Introduction
Cytomegalovirus (CMV) is known as a ubiquitous viral agent that affects 40-100% of adults worldwide (1) . Most cases of CMV infections among immunocompetent individuals are asymptomatic and establish a long-term latent infection within the hosts (2) . However, serious pathological conditions due to CMV are frequently observed as opportunistic infections in immunocompromised hosts, such as patients with acquired immunodeficiency syndrome (AIDS), malignancies, and those receiving steroids and/or immunosuppressants (3, 4) .
Recently, a high prevalence of CMV infection of the colon has been reported in patients with inflammatory bowel disease (IBD), including Crohn's disease (CD) and ulcerative colitis (UC) (5) (6) (7) . Most cases of CMV colitis in patients with IBD can be attributed to the reactivation of a latent CMV infection; active colonic infection induced by a primary CMV infection is rare (5, 8, 9) . In addition, CMV infection of the colon exacerbates IBD, particularly in association with severe or refractory cases under steroid and/or immunosuppressive therapies (5, 6, 8, (10) (11) (12) . The use of steroids tends to delay the diagnosis of CMV infection by masking abdominal symptoms (13, 14) . Herein, we present a rare case of acute mononucleosis and colitis caused by a primary CMV infection. Notably, the features of acute CMV infection were observed in an immunocompetent patient with UC without concurrent use of steroids and immunosuppressants.
Case report
Patient information. A 28-year-old man was diagnosed with active UC (pancolitis type) when he was 20 years old and received remission induction therapy with oral prednisolone (loading dose, 40 mg/day) and 5-aminosalicylic acid (5-ASA) (4,000 mg/day) for 8 weeks. Since then, he had been on oral 5-ASA (4,000 mg/day) treatment for over 7 years. Annual colonoscopy revealed slight inflammation from the rectum to the sigmoid colon; however, no subjective symptoms were noted during the course of the treatment. On September 30, 2016, he developed a headache, rhinorrhea, and myalgia with high-grade fever (38˚C). He was treated with oral acetaminophen (400 mg twice a day) for 5 days; however, his symptoms did not improve. On October 7, 2016, he presented with bloody diarrhea (5-10 times a day) and lower abdominal discomfort. In addition, computed tomography showed an edematous change in the large intestine that progressed from the rectum to the sigmoid colon. Blood tests also revealed an elevated inflammatory response, as indicated by an increase in the number of white blood cells (10,770 cells/µl) and elevated C-reactive protein level (4.38 mg/ dl) and erythrocyte sedimentation rate (19 mm/h). A slight elevation of serum aspartate aminotransferase (36 U/l) was observed, but clinically evident liver dysfunction and thrombocytopenia were not. Based on these clinical observations, the patient was suspected to have either infectious colitis or acute exacerbation of UC. Oral levofloxacin (500 mg/day) was administered from October 7 to 11, 2016; however, the patient's symptoms did not improve. He was then admitted to our Hospital on October 11, 2016, for further examination of his condition.
Upon admission, the patient had bloody diarrhea (12 times a day) with a high fever of 38.5˚C and lower abdominal discomfort. Physical examination revealed slight tenderness at the left lower abdomen and mild hepatosplenomegaly. His chest radiograph and urinalysis results were normal. Blood tests revealed increased numbers of total and atypical lymphocytes (Table I) . Mildly elevated aspartate aminotransferase, alanine aminotransferase, and lactate dehydrogenase levels were observed; however, the results of serological tests for hepatitis virus A, B, and C and Epstein-Barr virus were negative. Colonoscopy showed edematous and erosive changes in the entire mucosa from the rectum to the sigmoid colon ( Fig. 1A and B ), while colonic mucosa from the cecum to the descending colon was normal. Endoscopic findings from the rectum to the sigmoid colon were consistent with moderately active UC. The bacterial culture results of the patient's blood and stool samples were negative. Clostridium difficile toxins A and B were absent. Notably, the CMV antigenemia assay (CMV pp65 antigen), which is commonly used to detect CMV infection in Japan (4), showed 65 positive cells per 50,000 cells. In addition, the test for anti-CMV IgM antibodies was positive, and the titer of anti-CMV IgG antibodies, which was negative on admission, had increased on the tenth day after admission. Furthermore, hematoxylin and eosin staining of the biopsy specimens from the inflamed colonic mucosa showed cells with inclusion bodies (Fig. 1C ). Immunohistochemical examination of these specimens showed CMV positivity ( Fig. 1D ). Notably, no CMV-positive cells were observed in the biopsy specimens previously collected at the outpatient department. On the basis of these clinical findings, the patient was diagnosed as having acute CMV mononucleosis and colitis on October 14, 2016.
Following the diagnosis of acute CMV mononucleosis and colitis, intravenous ganciclovir (9-[1,3-dihydroxy-2-propoxy] methyl)-guanine (DHPG) (550 mg/day) was administered from October 14 to 19, 2016 ( Fig. 2A and B ). On the third day, after the initiation of ganciclovir, the hepatic enzymes and atypical lymphocyte levels gradually improved. In addition, the patient's symptoms, including high-grade fever, bloody diarrhea and abdominal discomfort, had subsided. After intravenous ganciclovir was stopped, oral valganciclovir was administered from October 19 to 22, 2016. However, on October 22, 2016, serum CMV pp65 antigen results were found to be negative, and the Seo and Rachmilewitz indices that were used to assess clinical and endoscopic disease activity for UC (15, 16) , respectively, had also improved from those seen at admission (Fig. 2C) . Therefore, the antiviral treatment for CMV was ended and the patient was discharged on October 22, 2016. Since then, he has been on oral 5-ASA (4,000 mg/day) treatment, and no recurrence of CMV infection has been observed.
Hematoxylin and eosin staining and immunohistochemistry. Histological examination was performed on biopsy specimens fixed with 10% formalin for 24 h at room temperature. Paraffin-embedded tissues were cut into 4 µm-thick sections and deparaffinized. These sections were stained with hematoxylin and eosin or used for immunohistochemistry. For hematoxylin and eosin staining, the sections were stained with 0.1% hematoxylin solution for 4 min at room temperature and then stained with 0.1% eosin Y (cat. no. 058-00062; Wako Pure Chemical Industries, Ltd., Osaka, Japan) solution for 2 min at room temperature. For immunohistochemistry, the deparaffinized sections were placed in a citrate buffer (pH 6.0), and then autoclaved at 121˚C for 1 min to retrieve the antigen. The sections were then rinsed and blocked with 3% hydrogen peroxide in methanol for 10 min to remove endogenous peroxidase activity. Non-specific binding sites were blocked in 0.01 M phosphate-buffered saline (PBS) containing 2% bovine serum albumin (BSA; cat. no. 019-07494; Wako Pure Chemical Industries, Ltd., Osaka, Japan) for 30 min. Anti-CMV antibody (mouse IgG, cat. no. M0854; Dako, Glostrup, Denmark) diluted to 1:200 in 2% BSA/PBS was added to the slides and incubated overnight at 4˚C. Anti-CMV antibody was detected using a biotinylated anti-mouse IgG (1:300, cat. no. E0433; Dako, Glostrup, Denmark) for 30 min at room temperature, followed by incubation with avidin-coupled peroxidase (Vectastain ABC kit; Vector Laboratories, Burlingame, CA, USA) for 30 min. The peroxidase binding sites were visualized by staining with 3,3'-diaminobenzidine (DAB) in 50 mM Tris-EDTA buffer and counterstained with hematoxylin.
Discussion
CMV is a ubiquitous member of the Herpesviridae family that can present with a variety of clinical manifestations, including encephalitis, retinitis, interstitial pneumonia, and colitis (17) . These serious symptoms are generally observed as opportunistic infections in immunocompromised hosts, including patients with AIDS and those receiving steroids and/or immunosuppressants (9) . Patients with severe or uncontrollable UC often require administration of a steroid or immunosuppressant to decrease disease activity. Therefore, patients with UC are recognized to be at a high risk for symptomatic CMV infections. In the present case, acute mononucleosis and colitis due to a primary CMV infection had been observed in a patient with UC without concurrent immunosuppressive treatments, which is a rare occurrence among patients with UC.
It was previously reported that most cases of CMV colitis observed among patients with IBD can be attributed to the reactivation of a latent CMV infection (8) . In this case, CMV-positive cells were observed in biopsy specimens of the colonic mucosa ( Fig. 1C and D) , indicating the presence of an active colonic infection. Active colonic infection due to CMV is likely to occur by either a primary CMV infection or reactivation of a latent CMV infection. Another study reported that patients with UC, regardless of their disease activity, have a higher prevalence of anti-CMV IgG than normal control patients (18) , indicating a high prevalence of persistent or latent CMV infection among patients with UC. However, in this case, not only were serum anti-CMV IgG and CMV antigenemia present, CMV-positive cells in the biopsy specimens had been negative before admission. In addition, acute elevation of the anti-CMV IgM titer and positive conversion of anti-CMV IgG were also observed following admission. A primary CMV infection is one that occurs in seronegative subjects without prior specific immunity against CMV (19) . Therefore, we concluded that the CMV colitis observed in this patient had resulted from a primary CMV infection and not from the reactivation of a latent CMV infection.
Thus far, primary CMV infections have only rarely been reported in patients with UC without concurrent immunosuppressive treatments. To our knowledge, only 5 case reports have been published since February 1998 (Table II) (20) (21) (22) (23) (24) , and all cases presented the co-occurrence of CMV colitis. The features of CMV mononucleosis, including fever, atypical lymphocytosis, elevated liver enzymes, and hepatosplenomegaly, were observed in 3 cases (20, 21, 23) . One of the remaining 2 cases showed protein-losing gastroenteropathy (22) , whereas the other had toxic megacolon (24) . One case had previously undergone short-term steroid treatment for remission induction therapy (21) . There were no underlying diseases except UC. Neither was host defense impaired nor were steroids or immunosuppressants administered at the onset of acute CMV infections in all cases. The mechanism of onset of CMV infection has been unknown in most cases (20) (21) (22) 24) , although the immunosuppressive effects of leukocytapheresis (LCAP) have been suggested to be a cause of CMV infection in one study (23) . In the present case, prednisolone was previously used for remission induction therapy for UC; however, the patient had not taken any steroids for over , indicating the clinical disease activity of UC; total score <150, mild; 150-220, moderate; >220, severe. A score <120 indicates clinical remission (15) . The Rachmilewitz endoscopic index is calculated from the total score of colonic mucosal findings [granulation scattering reflected light, visible vascular pattern, vulnerability of mucosa, and mucosal damage (mucus, fibrin, exudate, erosion and ulcer)], indicating the endoscopic disease activity of UC; a total score <4 is defined as endoscopic remission (16) . Endoscopic findings in the rectum on admission (left) and at the time of discharge (right) are shown. Alb, albumin; ALT, alanine aminotransferase; 5-ASA, 5-aminosalicylic acid; Aty-Lym, atypical lymphocyte; BT, body temperature; CMV, cytomegalovirus; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; Nov., November; Oct., October; Sep., September; UC, ulcerative colitis. 7 years. Indeed, the serum levels of cortisol and adrenocorticotrophic hormone (ACTH) were within the normal range on admission (Table I) , suggesting intact adrenal cortex function. In addition, no abnormal values were observed in both humoral and cellular immunity, as shown by the amount of immunoglobulin and the CD4/CD8 ratio, respectively (Table I) . Moreover, comorbidities that may be associated with a degree of immune dysfunction, such as diabetes mellitus or renal failure, were not observed in this patient. Here, immunocompetency was defined as the exclusion of individuals with profound loss of immune function, including patients with AIDS, pharmacologically immunosuppressed patients, and chemotherapy recipients (25) . According to this definition and the above-mentioned clinical data, this patient was considered immunocompetent at the onset of acute CMV infection. In addition, the patient had not undergone any procedures such as LCAP. Therefore, consistent with previous reports (20) (21) (22) 24) , the detailed mechanism of the onset of primary CMV infection is also unknown in this case. However, a previous report has shown that a decrease in the seroprevalence of CMV was found among young adults in Japan, suggesting a possible association with increased susceptibility to primary CMV infection in this population (26) . Given that this patient's anti-CMV IgG had been negative before admission, this might also, in part, be associated with the onset of primary CMV infection. Of the 5 cases described in Table II, 3 patients who were treated with the antiviral agent ganciclovir showed marked improvements in all disease manifestations (Table II) (20, 22, 23) . Another case showed recovery with 5-ASA treatment alone (21) , and the last case underwent surgical colectomy due to the onset of toxic megacolon (24) . It is known that primary CMV infection in immunocompetent individuals is usually asymptomatic or causes a mild mononucleosis-like syndrome, typically resulting in a spontaneous recovery. Therefore, symptomatic treatment is primarily used, and antiviral treatment is not recommended for these populations (27) . However, severe tissue-invasive CMV infection with a wide range of manifestations, including colitis, vascular thrombosis, pneumonia, and myocarditis, is occasionally observed, even in immunocompetent adults. Notably, because of the low incidence of such severe CMV infections, usually referred to as CMV disease, its diagnosis and the initiation of targeted therapy tend to be delayed, which leads to high morbidity and mortality due to disease progression. Accordingly, targeted antiviral therapy with ganciclovir or valganciclovir is considered appropriate for the treatment of CMV disease in healthy adults (25) . Indeed, 4 patients with UC including the present case have presented with a manifestation of CMV disease, such as colitis, and experienced a dramatic improvement in all disease manifestations after antiviral treatment with ganciclovir (Table II) (20, 22, 23) .
CMV infection in the colon has been reported to exacerbate UC symptoms, resulting in a high incidence of toxic megacolon, colonic perforation, and death (28, 29) . In fact, a case presented in Table II underwent surgical colectomy due to the onset of toxic megacolon after admission (24) . Currently, there is no consensus on how to manage UC patients diagnosed with an active CMV infection. However, considering the role of CMV as an exacerbating factor of UC, the determination of a therapeutic strategy to combat CMV is warranted Table II . Reported cases of primary CMV infection in patients with ulcerative colitis without concurrent steroid or immunosuppressant use. for this patient population. A recent publication reported that both the mortality and surgical rates of patients with UC have improved since the use of ganciclovir and have suggested that ganciclovir is a clearly beneficial therapy for CMV in patients with UC (30) . Indeed, 4 cases of UC, including the present case, have been cured by ganciclovir treatment without any complications (Table II) (20, 22, 23) . However, spontaneous recovery of acute CMV infection has been shown to occur in an immunocompetent patient with UC (21) . Moreover, a recent study reported that mild CMV colitis in patients with UC was cured without antiviral therapy (31) . Therefore, the use of antiviral agents for acute CMV infection superimposed on immunocompetent UC should be assessed carefully based on the patient's condition, including disease activity and clinical course. Further studies are required to clarify the role of antiviral treatment in immunocompetent patients with UC.
In conclusion, we reported a rare case of acute mononucleosis and colitis caused by primary CMV infection on an immunocompetent patient with UC without concurrent steroids use. Even if patients with UC are not treated with steroids and/or immunosuppressants, clinicians should be aware of the possibility of an acute CMV infection in the context of severe or persistent colonic inflammation.
